Hydroxychloroquine is a medication used to treat autoimmune conditions. Overdoses of hydroxychloroquine are uncommon, with most recommendations on monitoring drawing from experience with more common overdoses of the related drug chloroquine. We present a case of an adolescent with intentional overdose of approximately 12 g of hydroxychloroquine. The prominent clinical features were hypokalemia and widened QRS and QT intervals on the electrocardiogram. Therapy included epinephrine by intravenous drip and bicarbonate infusions along with supportive care and cardiac monitoring. The patient recovered without sequelae. Urine drug testing showed an absorbance alarm for one of the components of the institution drug of abuse screening panel, an oxycodone screen using an enzyme immunoassay. Analysis of two urine specimens collected during the hospitalization revealed hydroxychloroquine concentrations of greater than 500 mg/L (approximately 7.5 h after ingestion) and 130 mg/L (approximately 14 h after ingestion). Only the urine with greater than 500 mg/L hydroxychloroquine produced absorbance alarms on the drug of abuse testing. We separately analyzed the impact on 24 urine assays of varying concentrations of hydroxychloroquine spiked into de-identified pooled urine samples. For 6 of the assays (buprenorphine, cotinine, oxycodone, and tetrahydrocannabinol qualitative drug screens; microalbumin and urine myoglobin quantitative assays), hydroxychloroquine produced significant bias and/or instrument alarms. Overall, our study demonstrates that urine concentrations of hydroxychloroquine can reach very high concentrations (exceeding 500 mg/L) following overdose, with the potential to interfere with a range of urine assays including drug of abuse screening and microalbumin. Similar to previous reports, hydroxychloroquine overdose can produce hypokalemia and electrocardiographic abnormalities. Ophthalmologic complications, specifically irreversible retinal https://doi.
Introduction
Hydroxychloroquine is a medication used to treat autoimmune conditions such as rheumatoid arthritis and systemic lupus erythematosus [1] [2] [3] [4] . Hydroxychloroquine and the related quinine derivatives chloroquine and amodiaquine have also been used for malaria treatment and prophylaxis, though this is becoming less common as rates of resistance to these drugs increase [4] [5] [6] [7] . Overdoses of hydroxychloroquine are rare, and most recommendations on monitoring and treatment of these patients reflect experiences with chloroquine overdoses, which are more commonly seen and usually more toxic [8] . Hydroxychloroquine was initially synthesized from chloroquine in 1946 to decrease the incidence of associated toxicities [9] . Chloroquine is estimated to be several times more toxic [10] ; however, deaths have been reported from hydroxychloroquine overdose [11, 12] . Published case reports of hydroxychloroquine toxicity are found as early as 1960 [13] .
Hydroxychloroquine toxicity is largely due to its effects on the heart [4] . Sodium and potassium channel blockade result in QRS and QT prolongation, respectively, on the electrocardiogram (ECG). These prolonged intervals put patients at significant risk for dysrhythmias, included torsade de pointes and ventricular fibrillation. Other cardiac effects include delayed conduction as well as decreased contractility due to a negative inotropic effect [8] . These effects can lead to profound hypotension, dysrhythmias, and cardiovascular collapse [14] .
Hypokalemia is usually seen with significant ingestions and is a result of decreased potassium efflux secondary to blockade of potassium membrane channels [15] . While these patients are often hypokalemic, the benefit from potassium supplementation is unclear. The low potassium likely does not represent a shortage of overall body stores but rather a shifting of the potassium to the intracellular compartment [8] .
injury, have been reported with chronic exposure to both chloroquine and hydroxychloroquine, but there are no reports of ophthalmologic complications after acute overdose as the toxicity is related to the overall total dosing and duration of these medications [16] . Some of the pathologic differences between chloroquine and hydroxychloroquine may be due to differences in binding to melanin [17] .
Interference with some laboratory testing has also been reported with hydroxychloroquine including drug of abuse immunoassays [18] and urine protein dipstick measurements [19, 20] . We report a patient with acute overdose of hydroxychloroquine (approximately 12 g) who presented with cardiac symptoms, hypokalemia, electrocardiographic abnormalities, and interference with urine drug of abuse screening testing. We also investigated the impact of high concentrations of hydroxychloroquine on a variety of urine laboratory tests.
Case history
A 16 year old girl was transferred to our hospital after an intentional overdose of hydroxychloroquine. She ingested an estimated 60 hydroxychloroquine 200 mg tablets (12 g) at 20.00 in a suicide attempt. The medication belonged to her mother, and the patient had a similar presentation approximately 2 months prior after ingesting 20 hydroxychloroquine 200 mg tablets (4 g). The patient was also prescribed fluoxetine, risperidone, lamotrigine, and lisdexamfetamine dimesylate, but she denied any other ingestions.
She initially presented to another hospital and was drowsy but arousable with Glasgow Coma Scale score of 15 (out of maximum 15) and an initial heart rate (HR) of 88 beats per minute (bpm), respiratory rate of 24 per minute, and a blood pressure (BP) of 85/51 mm Hg. Her ECG taken approximately 2 h after ingestion showed sinus rhythm with HR of 91 bpm, QRS duration of 132 msec (normal range: 120 msec or less), and a corrected QT interval (QTc) of 728 msec (normal range: 440 msec or less; see Fig. 1 ). Her initial laboratory studies were notable for a plasma potassium of 3.0 mmol/L (normal range: 3.5-5.0 mmol/L) and a whole blood lactate of 2.5 mmol/L (normal range: 0.5-2.0 mmol/ L). The anion gap was 11 (normal range: < 16). Urine potassium was 11.1 mmol/L (normal range: 25-126 mmol/L). Venous blood gas analysis revealed the following: pH 7.32 (normal range: 7.30-7.40) with a pCO 2 of 49 mm Hg (normal range: 32-45 mm Hg) and HCO 3 of 25 mmol/L (normal range: [22] [23] [24] [25] [26] . The patient was given 3 L of normal saline.
The regional Poison Center was contacted and recommended bicarbonate and epinephrine infusions. These were started, and she was transferred to our hospital for further management. On arrival to our hospital, her mental status and BP had improved, and she no longer required the epinephrine infusion. An ECG obtained shortly after arrival showed sinus rhythm with a rate of 82 bpm, and a QRS of 112 msec (see Fig. 2 ). The QTc was recorded by the machine as 320 msec but is closer to 600 msec by manual measurement. This error was likely the result of diffuse T wave flattening seen on her early ECGs. The bicarbonate infusion was continued, and she was admitted to the pediatric intensive care unit (PICU).
Laboratory studies in the PICU on arrival were notable for a potassium of 1.8 mmol/L and a white blood count of 15.5 k/mm 3 (normal range: 3.7-10.5 k/mm 3 ). The remainder of her laboratory studies, including blood gas analysis and routine toxicology tests, were unremarkable. Screening drug of abuse immunoassays were performed and was presumptive positive for amphetamines (explainable by known lisdexamfetamine prescription), but there was an absorbance alarm on the oxycodone immunoassay screen (this type of alarm occurs when substances in the specimen absorb light at the measured wavelength for the assay and produce a reading outside the analyzer photometer range). After it was hypothesized that the hydroxychloroquine may be interfering with the drug screens, her blood and urine was sent for quantification of hydroxychloroquine to a reference laboratory. Two separate urine samples and one blood sample were sent to specialized reference laboratory (NMS Labs, Willow Grove, PA, USA) for confirmatory testing by high performance liquid chromatography with tandem mass spectrometry (LC/MS/MS). The first urine, taken approximately 7.5 h after ingestion, had a hydroxychloroquine level of > 500 mg/L (no reference range available). The second urine, taken about 14 h after ingestion, had a level of 130 mg/L. This sample tested negative for the urine drug screen panel, with no absorbance alarms. A blood sample was taken approximately 6 h after ingestion and showed a level of 10 mg/L (no clearly defined reference range, but reference laboratory result cited data that peak plasma concentrations of 0.41 +/- 0.13 mg/L were achieved approximately 2 h after a 400 mg hydroxychloroquine dose). The patient had a relatively uneventful hospital course. Her plasma potassium returned to normal range, her QRS and QTc prolongations on the ECG quickly resolved, and she was transferred to inpatient psychiatric care.
Effects of hydroxychloroquine on laboratory urine assays
We investigated the effect on urine assays of hydroxychloroquine (Sigma-Aldrich) spiked into pools of de-identified urine specimens from the clinical laboratory. The 24 specific urine assays tested are summarized in Table 1 . Four different urine specimen pools were tested in triplicate. Absorbance alarms and/or interference bias were clearly evident in 6 of the assays (Figs. 3 and 4show representative data for each of these 6 drugs).
Buprenorphine, cotinine, and oxycodone qualitative screens all showed absorbance alarm at 1000 mg/L; buprenorphine and cotinine additionally showed negative bias related to control (not spiked with hydroxychloroquine) at all concentrations starting at 1 mg/L (Fig. 3) . Oxycodone screen did not show any evident bias at hydroxychloroquine concentrations up to 500 mg/L but registered an absorbance alarm at 1000 mg/L. Myoglobin, microalbumin, and THC screen were examples of assays that showed evident bias but did not register any instrument alarm or error even up to 1000 mg/L (Fig. 4) . A urine specimen pool with myoglobin concentration of 1008 ng/mL showed progressive negative bias with an apparent myoglobin concentration of 599 ng/mL when the sample was spiked with hydroxychloroquine concentration of 1000 mg/ L (Fig. 4A ). Microalbumin showed biphasic effects of hydroxychloroquine with negative bias at lower concentrations and a positive bias at higher concentrations (Fig. 4B) ; this was consistent across 4 urine specimen pools with varying baseline microalbumin concentrations. The THC screen showed slight positive bias (Fig. 4C ); this would have potential to impact positive/negative results in specimens with baseline reactivity just below positive cutoff in the absence of hydroxychloroquine.
Discussion
Toxicity from chloroquine or hydroxychloroquine is often apparent shortly after overdose, and cardiac arrest can be the first sign [21] . These medications are rapidly absorbed from the gastrointestinal tract which leads to early onset of symptoms, usually within the first 1-3 h, and as soon as 30 min after ingestion [8, 14] . Despite the long half-life of hydroxychloroquine of around 50 days [22] , the duration of effect is short and often less than 24 h due to redistribution of the drug into other tissues [14] . This time course was observed in our patient, who developed toxicity within 1-2 h, which resolved within 24 h.
While seizures are well documented with chloroquine overdoses, there have been no reports in the literature of seizures after an overdose of hydroxychloroquine [23] . There have been reports of other neurologic symptoms, including generalized weakness, blurred vision, and vertigo [9, 23] . A proximal myopathy has also been reported with therapeutic dosing, as well as overdose [9] .
Hypokalemia has been previously reported with significant ingestions and is thought to be a result of decreased potassium efflux secondary to blockade of potassium membrane channels [15] . One retrospective study showed that the severity of toxicity was directly related to the degree of hypokalemia [24] . Some animal data, however, has shown that the hypokalemia may be protective against QRS widening and dysrhythmias [8] . While some amount of potassium replacement will likely be needed, this should be done with caution as rebound hyperkalemia is possible once toxicity is resolving and potassium redistributes [25] .
Treatment of both chloroquine and hydroxychloroquine focuses on good supportive care, including early mechanical ventilation and vasopressor support [9] . Other treatment options include potassium repletion, sodium bicarbonate, lipid emulsion, and high dose diazepam. No studies have looked specifically at which vasoactive agent is the most effective for these overdoses. Most of the cases described in the literature recommend using epinephrine. This seems reasonable given the improvements in both contractility and peripheral vascular resistance seen with epinephrine [26] . Norepinephrine may be a reasonable alternative, though it does not provide the same degree of inotropic support [26] .
Sodium bicarbonate is frequently used in treatment of medications that cause QRS prolongation via sodium channel blockade. Its evidence Fig. 3 . Representative examples of interference or errors produced by varying concentrations of hydroxychloroquine spiked in urine. (A) Buprenorphine and (B) cotinine screens shows decrease in relative absorbance relative to baseline from hydroxychloroquine concentrations ranging from 1 to 500 mg/L. For both assays, a hydroxychloroquine concentration of 1000 mg/L produces an absorbance error on the instrument. (C) Oxycodone screen shows no effect of hydroxychloroquine concentrations from 1 to 500 mg/L but does have an absorbance error at 1000 mg/L. See Table 1 for details on assay versions. for efficacy for chloroquine and hydroxychloroquine is limited. Animal studies show mild improvement in QRS duration and human case reports are limited by confounders such as co-ingestions and other therapies [27] . If sodium bicarbonate is used, caution should be taken as it may cause worsening of QT prolongation due to further intracellular shifting of potassium [8] . Hydroxychloroquine is highly lipophilic, so theoretically intravenous lipid emulsion would be beneficial. Data on efficacy, however, is lacking and limited to case reports [28] . While case reports describe the use of enhanced elimination techniques, such as hemodialysis, these are not thought to be beneficial due to high volumes of distribution and high protein binding for hydroxychloroquine [4, 29] .
One therapy that is unique to these overdoses is high dose diazepam. The initial data that this was derived from includes animal models and case reports of patients that were found to have less severe toxicity if they had overdosed on both chloroquine and diazepam [30] . Diazepam will help with sedation, as well as seizure treatment and prophylaxis, but otherwise the exact mechanism is unclear [8] . Hypotheses include a direct anti-dysrhythmia effect, a pharmacokinetic interaction between diazepam and chloroquine, and a central antagonistic effect [4] . While the benefit is unclear, in a case of severe lifethreatening toxicity, it seems prudent to use a medication with minimal side effects such as diazepam [8] .
Our study demonstrates the potential for hydroxychloroquine to interfere with the performance of urine assays, either by causing interference bias or an instrument absorbance alarm. The ability to produce an absorbance alarm depends on the extent of light absorption by hydroxychloroquine at the measured wavelength(s) of the assay such as the 340 nm wavelength for the oxycodone screen in the present study. An alarm will register if the specimen yields a reading outside the measuring range of the photometer. Our subsequent in vitro analysis of urine specimens spiked with varying concentrations of hydroxychloroquine showed clear evidence of interference bias and/or absorbance alarm on 6 of 24 urine assays examined (buprenorphine, cotinine, oxycodone, and THC qualitative drug screens; microalbumin and urine myoglobin quantitative assays). The buprenorphine, cotinine, and oxycodone screens are all enzyme immunoassays. Buprenorphine and cotinine showed both negative bias at concentrations of 1-500 mg/L and also an absorbance alarm at 1000 mg/L. Oxycodone did not show bias at hydroxychloroquine concentrations up to 500 mg/L but registered an absorbance alarm at 1000 mg/L. This is consistent with the patient in the present case, where a urine specimen with hydroxychloroquine concentration exceeding 500 mg/L flagged an absorbance error for the oxycodone screen on urine drug screening ordered in the hospital. A urine specimen collected later, with a hydroxychloroquine concentration of 130 mg/L, did not flag any absorbance errors. Note that some categories of urine assays, such as those using ion-selective electrodes (chloride, potassium sodium), did not show any interference.
A previous study did not show positive cross-reactivity (positive bias) of hydroxychloroquine up to 455 mg/L for the same buprenorphine enzyme immunoassay used in the present study but did show cross-reactivity for a buprenorphine CEDIA (cloned enzyme donor immunoassay) assay [18] . Our study showed inhibited signal (negative bias) and then an absorbance alarm at 1000 mg/L hydroxychloroquine. Two previous studies that examined cross-reactivity of various compounds with drug of abuse and therapeutic drug monitoring assays found that hydroxychloroquine has low structural similarity with common targets of these assays using computational chemistry methods, consistent with minimal ability to produce positive cross- Table 1 for details on assay versions. reactivity (false positives) in assay package insert data [31, 32] . This type of analysis suggests that interference produced by hydroxychloroquine is not due to structural similarity but instead other mechanisms such as absorption interference or chemical reaction with assay reagents. Given how commonly drug of abuse screening in used in the emergency department setting [33] , understanding of potential interferences are important to avoid diagnostic confusion [34] . Overdoses such as hydroxychloroquine can cause additional challenges in producing cardiovascular symptoms (e.g., arrhythmias) that may overlap with common street drugs of abuse [35] [36] [37] or other ingestions such as caffeine [38] or tricyclic antidepressants [39] .
Myoglobin, microalbumin, and THC assays showed varying degrees of bias by hydroxychloroquine without instrument alarms. The interference of hydroxychloroquine on the microalbumin assay was biphasic across hydroxychloroquine concentrations. We did not see any interference with the Roche Total Protein assay; in contrast, two prior studies found hydroxychloroquine falsely elevated urine protein dipstick methods using tetrabromophenol blue [20] and pyrogallol red-molybdate methods [19] . The Roche protein assay used in the current operates using a colorimetric assay based on the biuret method [40] .
Conclusions
The present study shows that large overdoses of hydroxychloroquine have the potential to cause both electrocardiographic abnormalities and interference with urine laboratory assays. Urine concentrations of hydroxychloroquine can reach very high concentrations (exceeding 500 mg/L), with the potential to interfere with a range of urine assays including drug of abuse screening and microalbumin. As a future direction, it would be of interest to study hydroxychloroquine effects on more subtle effects such as metabolomics [36] .
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